Summary. The behavior of contrast enhancement between a microadenoma and the normal pituitary gland after gadolinium injection was evaluated in 12 operatively confirmed cases using a repetitive sequence of four coronal Tl-weighted spin echo series (T1 SE) (continuous acquisition, TR = 400 ms), followed by conventional coronal T1 SE (TR = 600 ms) and a three-dimensional fast low-angle shot sequence. The first and second acquisitions were useful with respect to delayed scans only in 3 cases (25 %). Nevertheless, in these cases confident diagnosis could also be made on pre-contrast studies, which diminishes the real advantage of this finding. For a 1.5 T MRI unit we advocate starting with coronal T1 SE 30 s after a rapid injection of gadolinium.
High-resolution high-field magnetic resonance imaging (MRI) is widely accepted as the most sensitive method for imaging pituitary microadenomas. At 1.5 T, noncontrast MRI detects microadenomas with a sensitivity of 71%-100 % [1] [2] [3] [4] . Previous studies suggest improvement in lesion detection after gadolinium (Gd) injection [5] [6] [7] [8] [9] . The importance of acquiring images rapidly has been stressed for both computed tomography (CT) studies [10, 11] and Gd-enhanced Tl-weighted MRI [6] . This study specifically evaluates the differential enhancement of the normal pituitary gland and the microadenoma as a function of time after Gd injection. The utility of fast acquisition Gd-MRI in the detection of microadenomas is also assessed.
Materials and methods
Twenty-five patients with clinical and/or CT signs of possible pituitary microadenoma were evaluated by MRI between April 1988 and September 1989, using the followOffprint requests to: T. Stadnik ing protocol. All MRI examinations were performed on a 1.5 T system (Magnetom Siemens) using a 22 cm field of vision (FOV) and a circularly polarized head coil. In all cases preliminary noncontrast MRI was performed using coronal Tl-weighted spin echo (SE) (TR/TE/excitations = 600/15/4), coronal three-dimensional (3D) fast lowangle shot (FLASH) (70/6/1) and two optional sequences: sagittal Tl-weighted SE (600/10/2) and coronal long TR SE (2200-2500/22,90/2); 0.3 ml/kg of Gd-Dota (Guerbet) was then injected in 30 s. Immediately after injection, i. e., 30 s after the start of the Gd injection, a repetitive sequence of four coronal Tl-weighted SE series was obtained (400/10/2). The data were acquired continuously during 14.7 min (3.41 minx 4). Image processing took place only after the end of the fourth acquisition. Thereafter, conventional coronal Tl-weighted SE (600/15/4) (acquisition time 10.24 min) and coronal 3D FLASH (70/6/1) (acquisition time 19.1 min) were performed. Slice thickness was 3 mm for all SE sequences and 1.5 mm for 3D FLASH series. The 3D studies were performed using a 40 ~ flip angle and a 96 mm 3D volume.
The location of any focal abnormality was determined prospectively and preoperatively by consensus of two neuroradiologists following the algorithm given in Table 1 . To date, 12 patients have undergone trans-sphenoidal exploration by a single neurosurgeon. This paper addresses only the data from these 12 documented cases. The microadenoma was found during surgery in all 12 cases. The location determined at surgery was correlated with that diagnosed by MRI (Table 1) . A focal abnormality on MRI was considered as true positive (TP) Table 1 . Algorithm for describing a focal abnormality 1. The location was defined dividing the antehypophysis into 18 segments 2. The contrast between the microadenoma and the pituitary was calculated using the following equation: SImi-SIpi/SInoise, where SImi = signal intensity of the microadenoma, SIpi = signal intensity of the pituitary, SInoise = signal intensity of the noise The microadenomas correctly evaluated by the two neuroradiologists were correlated with the calculated contrast levels. For all these cases the contrast level was found to be higher than 2.5 ( Figs. 1-3) . 
Results
Results are summarized in Table2. The pituitary microadenomas were found during surgery in all 12 operative cases and consisted of 8 prolactinomas, 3 ACTHsecreting adenomas and 1 growth-hormone secreting microadenoma. On the preliminary noncontrast MRI sequences, 10 of the 12 proven microadenomas were demonstrated by coronal Tl-weighted SE MRI; 9 of 11 microadenomas were shown by coronal 3D FLASH. After injection of Gd, 10 of the 12 proven microadenomas were correctly demonstrated by the second of the four serial Tl-weighted coronal SE series. The first post-Gd coronal Tl-weighted SE series and the more delayed scans gave a lower detection score (Table 2) I. There were no FP results for the noncontrast coronal T1 SE series and 1 FP result for the other pre-and post-Gd coronal Tl-weighted sequences ( Table 2 ). The 2 of 2 FN cases of noncontrast coronal T1 SE MRI and the i of 2 FN noncontrast 3D FLASH series became TP after Gd injection (positive yield for Gd of 17 % for coronal T1 SE and 9 % for coronal 3D FLASH).
Thus 12 of the 12 proven microadenomas were correctly demonstrated by a combination of the noncontrast and Gd-enhanced coronal Tl-weighted sequences.
In I case of a 9-mm prolactinoma, all post-Gd sequences were FN, whereas the pre-Gd series provided confi- Nevertheless, the contrast between the adenoma and the pituitary is lower on pre-Gd sequences dent visualization of the microadenoma (negative yield of 8 % for pre-Gd T1 SE for a total number of 12 cases and of 9 % for pre-Gd 3D FLASH for a total number of 11 cases. Considering the combination of the first four, short TR, T1 SE series (400/10/2) with delayed post-Gd T1 SE (600/15/4) and 3D FLASH sequences, there were no TP variations between these sequences in 6 cases (50%) (Figs. l, 4) . In 3 cases (25%) (Figs.2, 5 ) the first T1 SE series, and in 1 case also the second T1 SE series, was FN and failed to demonstrate a microadenoma that was correctly displayed by the delayed post-Gd SE and/or the 3D FLASH series. In the last 3 cases, only the first short TR SE series and in 2 cases also the second short TR T1-weighted SE series was able to demonstrate the microadenoma with respect to delayed post-Gd scans (TP) (Figs. 3, 6 ).
If we analyze the time course of post-Gd contrast difference between the microadenoma and the normal pituitary gland only for the first four short TR SE series, we see that the contrast difference for hypointense microadenomas always diminishes between the second and fourth SE series (approximately 4 min after Gd injection). The contrast for the first SE series acquired immediately after Gd injection demonstrates great variability [superiority with respect to delayed scans in 3 cases (Fig. 3) , inferiority in 3 other cases (Fig. 2 ) and no significant difference in the remaining 6 cases (Fig. 1)] .
The contrast difference between a hyperintense microadenoma and the normal pituitary gland always increases as a function of time on the first four short TR SE series (negative values on plot of Figs. 1, 2 ). An interesting finding was that two microadenomas which were spontaneously hyperintense on pre-Gd scans (negative values on plot of Figs. 2, 3 ) became hypointense or isointense after Gd injection, whereas the two microadenomas that became hyperintense after Gd injection were initially hypointense on the pre-Gd scans (Figs. 1, 2 ).
Ng.6.a Pre-Gd coronal Tl-weighted SE. b Pre-Gd sagittal T1-weighted SE. c 1st short TR coronal post-Gd Tl-weighted SE. d 3rd short TR coronal post-Gd Tl-weighted SE. e Delayed (5th) post-Gd coronal Tl-weighted SE. f, g Post-Gd coronal 3D FLASH. In this case, only the first short TR coronal Tl-weighted SE acquired in 3.4 rain immediately after Gd injection allows the confident visualization of the microadenoma (c, arrows). On the consecutive post-Gd scans (d-g) the adenoma becomes isointense with the hypophysis (false negative). Nevertheless, the adenoma is also confidently visualized on precontrast studies (a,b) (arrowheads)
Discussion
Recent evaluations of MRI for the diagnosis of pituitary microadenomas report variable diagnostic accuracy and variable "most useful" pulse sequence parameters [1-3, 5-9,12] .
It is generally agreed that the normal pituitary gland enhances promptly [7, 9] , whereas adenomas enhance more slowly and persistently than the host pituitary gland.
The utility of fast acquisition times and of contrast enhancement is generally accepted for CT imaging of the pituitary gland [10, 11]. Doppman et al. [6] also postulated that acquiring Tl-weighted images as soon as possible following Gd infusion is critical for the detection of small, solid microadenomas.
Our study was performed to assess the behavior of the contrast difference between the microadenoma and the normal pituitary gland as a function of time after contrast injection and especially the utility of employing T1 MRI series with very short acquisition times beginning as soon as possible after Gd injection (supposing that the microadenomas take up contrast agent more slowly than (pay attention to higher pituitary/adenoma contrast using 3D FLASH). On post-Gd Tl-weighted SE (g) the microadenoma becomes hyperintense (arrows) the hypophysis and that, therefore, the contrast difference between microadenoma and hypophysis is greatest for a rather short period of time directly after Gd injection). This increase in contrast difference would be expected to compensate for the lower signal to noise ratio that occurs using shorter T R and only two excitations.
This postulate was true in 3 of 12 cases (considering only the post-Gd scans) where only the first post-Gd short TR Tl-weighted SE provided a true positive diagnosis with respect to delayed scans (Fig. 3) .
The time intensity curves (Figs. 1-3) clearly show a diminution of contrast difference on delayed scans for hypointense microadenomas. (The higher contrast seen with the delayed, fifth T1 SE is explained by its longer TR and the four acquisitions used for this routine sequence.) Nevertheless, the first short T R post-Gd Tl-weighted SE series also accounted for 3 FN cases: insufficient impregnation by Gd in 1 case, a flip-flop from dark do bright in another case (Figs. 2, 5 ) and flip-flop from bright to dark in a 3rd case (Fig. 2) . So. considering the results of our series. we think that it can be hazardous to perform a post-Gd acquisition "too quickly." The post-Gd acquisition should be performed once the impregnation of hypophysis by Gd is achieved. A possible FN case. especially when the signal intensity flip-flops from dark to bright, can be resolved in most cases by comparison with the pre-Gd study, since in our series, those cases that were FN on the first post-Gd scans were always TP on the pre-Gd scans. If necessary, additional delayed Gd scans can be obtained.
Conclusions
For a 1.5 T high signal-to-noise M R unit, the Tl-weighted pre-contrast sequences permit confident diagnosis of microadenomas in most cases. Therefore, the performances of MR equipment (high field, homogeneous magnet, specialized coils, strong gradients) and optimization of the sequences (3 or 2 mm slice thickness without gap, at least four acquisitions, short TE for Tl-weighted sequences etc.) are of importance for confident detection of microadenoma without Gd injection (Fig.7) . If the onfident diagnosis is not reached on pre-contrast scans, an injection of Gd should be performed. For a 1.5 T, high-field MRI unit we advocate starting with coronal T1 SE series (600/15/4) 30 s after a rapid (less than i min) injection of Gd using 3 mm (or 2 mm) slice thickness and a 2562 matrix. If the diagnosis is still dubious, repetition of the previous T1 SE series should be considered. Delayed scans (more than 30 min after injection) seem of little value.
